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Two non-isostructural homometallic 1D Neodymium species 
that display field-induced slow magnetization relaxations are 
presented together with theoretical studies that endorse the 
experimental data and provide more insight on their 
magnetic performance. From the latest, we establish that 
intramolecular exchange interactions among NdIII ions for the 
two compounds are negligible and dipolar exchanges prevail, 
leading to the conclusion that, magnetically, both systems are 
better described as organized 1D single molecule magnets 
(SMMs). Our studies also suggest that NdIII ions provide 
great versatility toward the achievement of homometallic 
chains with slow relaxation of the magnetization.  
    
Single molecule magnets (SMMs) and single chain 
magnets (SCMs) stand for 0D and 1D coordination compounds 
that present slow relaxation of the magnetization and magnetic 
hysteresis at low temperatures.1 SMM behavior arises from the 
combination of large ground-state spin S and zero-field splitting 
parameter D in isolated anisotropic compounds (mono- or poly-
nuclear systems); the slow magnetic relaxation2 in SCMs 
however, appears from the magnetic interactions between 
anisotropic repeating units along well-isolated single chains.3 
Particular ratios between anisotropy and exchange interactions 
among the metallic centers in the chains, allow the existence of 
SCM behavior.4 The interesting link between SMMs and SCMs 
still deserves further theoretical investigation because the 1D 
organization of SCMs can induce a significant increase in the 
energy barrier for the reversal of the magnetization;5 this being 
the original motivation for the construction of SCMs.6  
   So far, many of the SCMs reported in the literature are derived 
from 3d ions,7 mixed 3d-4f ions8 or pre-formed bridged 3d 
SMMs.9 Much recently, homometallic 4f SCMs10 have been 
presented with special interest, toward the creation of new 
magnetic materials,11 due to the large anisotropic values of 
lanthanide carriers (mainly because of their strong spin–orbit 
contributions) and their moderate magnetic exchange couplings.12 
Everything considered, homometallic 4f SCMs deserve further 
experimental and theoretical studies. Hitherto, DyIII, TbIII, ErIII 
and HoIII ions have been primarily employed13 but further 
understanding of the field requires a look on other LnIII ions as 
well, for e.g. NdIII presented here. NdIII coordination compounds 
(0D or 1D) have been mostly studied because of their 
luminescent properties at the near-IR region14 although it has 





Fig. 1 (a) L1 bridged paddlewheel dimeric units (green and orange 
color) further bridged by L1 (blue color), forming linear tapes along 
a axis, in 1. (b) [1 0 0] chains of 1 with 2-connected uninodal net. (c) 
ball-n-stick representation showing coordination environment 
around NdIII in 2. (d) Acetate bridged ladder along [0 1 0] with L2 
bridged zig-zag railing in 2. (e) Helical chain of 2 along the b axis. 
Terminally bonded ligands are not shown in d and e.  
   
Now, we report two new non-isostructural NdIII chains, 
compounds 1 and 2, containing 3,5- and 2,4-dinitrobenzoic acids, 
L1 and L2, respectively. Despite two different arrangements 
(different coordination numbers, geometry and distances among 
NdIII ions, Fig. 1) both systems, 1 and 2, display field induced 
slow magnetization relaxations, pointing out the rich versatility 
yet unexplored of 1D NdIII systems in the field of molecular 
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magnetism. Recently, Arauzo et al.16 accomplished the first 
reported NdIII homometallic chain that presents field dependence 
relaxation of the magnetization by the use of cyanoacetate 
ligands (system differs crystallographically from the two 
presented in this work). Here, we extend such family by the 
addition of 1 and 2 and provide theoretical proof disclosing the 
relevance of dipolar interactions in front of NdIII···NdIII exchange 
interactions and therefore, implying that at least 1 and 2 should 
be better described as organized 1D SMMs. 
   Compound 1, {[Nd(µ2-L1)3(H2O)2].C2H3N}n, was achieved by 
mixing Nd(NO3)2·6H2O with (L1) at room temperature 
meanwhile compound 2, [Nd(µ2-L2)(L2) (CH3COO)(H2O)2]n, 
was attained after the hydrothermal reaction at 120 oC of 
Nd(CH3COO)3·H2O with (L2). Compound 1 is centrosymmetric 
where geometry around the NdIII ion is bicapped trigonal 
prismatic with six sites occupied by carboxylate oxygens of L1 
and the remaining two sites by H2O molecules. Four carboxylate 
groups from four centrosymmetric L1 ligands coordinate two 
NdIII ions, in a 2-2, 1:1 mode (mode I), with syn-syn and syn-
anti conformation to form paddle wheel type centrosymmetric 
dimers (Fig. 1a). The successive dimeric units are further bridged 
by two more centrosymmetric L1 ligands, again in mode I, with 
syn-syn conformation. The dihedral angles between two Nd-OCO 
planes in the dimer with Nd-OCO plane in this bridging link are 
45.28(5)  and 46.38(3) o, forming twisted ribbons (Fig. 1a) 
parallel to a axis. The two intrachain Nd···Nd distances are 4.267 
(8) Å and 5.348(7) Å, respectively. Among chains, the shortest 
Nd···Nd distance is above 12.6 Å. From a topological 
perspective, this structure consists of chains [1 0 0] with a 2-
connected uninodal net (Fig. 1b).  
Compound 2 belongs to chiral space group P21 and shows two 
similar but crystallographically independent molecules in the unit 
cell (Only one of them has been discussed here and shown in the 
Fig. 1). In each one of them NdIII is nine coordinated (Fig. 1c), in 
a trigonal prismatic tricapped geometry. Three sites are occupied 
by the acetate ions binding in a (2-3, 1:2) mode (mode II), 
with a syn-syn conformation forming a ladder type architecture. 
Two H2O molecules and one L2 ligand are coordinating 
terminally whereas the second L2, in mode I, and syn-syn 
conformation, further links this ladder forming a spiral railing 
around this ladder (dihedral angle between metal-acetate plane 
and Nd-OCO-L2 plane is 89.74(9) ) (Fig. 1d). The resultant 1D 
polymer is a left handed helical chain about the b axis (Fig. 1e). 
Finally, intermolecular interactions between Nd···Nd go over 7.7 
Å. The average Nd-O bond lengths, 2.4291(17) Å and 2.498 (3) 
Å for compounds 1 and 2 respectively, are comparable to those 
reported earlier for other NdIII-O complexes.14 (See Fig. S1-
S6,Table S1-S5, ESI for details on X-ray structures). 
The magnetic behavior of compounds 1 and 2 was studied by 
means of magnetic susceptibility experiments in the range of 
temperatures of 1.8-300 K applying 0.5 and 0.3 T dc fields, 
respectively. As shown in Fig. 2, the room temperature MT 
values of 1 and 2 are 1.73 and 1.69 cm3 K mol-1, in that order, 
which are only slightly higher than the expected value for an 
isolated NdIII ion of 1.64 cm3 K mol-1 (ground level 4I9/2)17  
pointing out that the magnetic exchange interactions among the 
NdIII centers, for both chains, should be rather weak or negligible. 
Upon cooling, the MT values of both compounds, 1 and 2  
decrease gradually, reaching the values of 0.52 and 0.79 cm3 K 
mol-1 at the lowest temperatures, in that order. The magnetization 
curves of 1 and 2 measured at 2.0 K are pretty similar (insets Fig. 
2), showing a gradual increase from the lowest to the highest 
fields with the absence of plateau in both cases. Maximum values 
of 1.2 and 1.5 B were found for 1 and 2, respectively, where the 
unsaturated magnetization suggests the presence of magnetic 
anisotropy and/or the presence of low-lying excited states that 
might be populated when a field is applied.18 
   In both systems, such magnetic response could be explained by 
the facts that: a) the MJ sublevels could be split by the crystal 
field in the NdIII centers where, on cooling the excited MJ 
sublevels, should be progressively depopulated.19 and/or b) the 
magnetic exchange interaction/s among neighbor metal ions in 
the chain. Compounds 1 and 2 present both exclusively NdIII ions 
attached by carboxylate bridges with syn-syn and/or syn-anti 
conformations that could provide antiferro- or weak 
antiferro/ferro-magnetic exchanges, a part from the contributions 
of the alkoxo groups in the case of 2.20,21 From an experimental 
point of view, it is not trivial to determine the relative nature and 
strength of the exchange contribution/s, as equally difficult is the 
analysis of the crystal field role of the ions in the net magnetic 
behavior.22 The correct interpretation of these parameters and 
their effects requires theoretical studies, as key analyses for the 
proper description of the magnetic behavior. Hence, to further 
investigate the interplay of local crystal field and coupling effects 
for compounds 1 and 2, CASSCF+RASSI calculations were 




Fig. 2 (left) Plot of MT vs T for 1 (black dots correspond to the 
experimental measures while red line is the simulated curve 
using the CASSCF results for a truncated model chain using the 
POLY_ANISO code, see Computational Studies section). Inset: 
M/NB v sH at 2 K. (right) Plot of MT vs T for 2. Inset: M/NB 
vs H at 2 K. 
 
The CASSCF+RASSI (or CASSCF+QDPT) approach is especially 
appropriate to handle the magnetic anisotropy in lanthanide 
systems,24,25 as it considers the multi reference nature of the low-
lying electronic energy spectrum of lanthanide-based compounds 
and includes the state mixing due to spin-orbit coupling, which is 
crucial for SMM/SCM properties. Starting from the X-ray 
diffraction structures, the molecular chains where truncated to 
monomeric models, where the immediate coordination environment 
of the NdIII ions was preserved. Neighbor NdIII ions were modeled as 
LaIII ab initio model potentials (truncated geometries are presented 
in ESI, Fig. S7). 35 quartet and 112 doublet roots were considered 
for the CASSCF step, while the employed ANO basis set had the 
following contraction patterns: Nd [9s8p6d4f3g2h]; O [4s3p1d]; N 
[4s3p21d]; C [3s2p]; H [2s]. Spin Hamiltonian parameters (such as 
g-factors) were calculated through the SINGLE_ANISO program.26  
The calculated values collected in Table 1 show a large anisotropy 
for the two systems, 1 and 2, with a relatively low energy for the first 
excited state (77.8 cm-1 and 87.3 cm-1 for 1 and 2, respectively). In 
Fig. 2, calculated magnetization and susceptibility curves are 
represented together with the experimental ones, with reasonable 
agreement in both cases, assuming that the exchange interaction is 
negligible24 and only the dipolar term is taken into account 
(performed with the POLY_ANISO code).27 Verification of the 
shape of the curve remaining constant was performed by increasing 
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the number of NdIII centers (from 2 to 10 centres) in the truncated 
chain structure employed in the simulation. This assumption was 
also previously shown valid in HoIII compounds.28 The largest MT 
value at low temperature for 2 in comparison with 1 is due to the 
larger magnetic moment of the ground state for the system 2 as 
reflected in the gz values shown in Table 1.  
 
Table 1 Calculated CASSCF+RASSI energies (cm-1) and g-factors for the 
five lowest Kramers’ doublets for the truncated models of compounds 1 and 
2. 
 
 1 2 
 Energy gz gy gx Energy  gz gy gx 
1 0.0 3.514 2.012 1.021 0.0 4.122 1.730 0.622 
2 77.8 0.100 1.842 3.075 87.3 3.035 1.504 0.971 
3 171.8 4.037 1.130 0.106 188.0 4.415 0.862 0.297 
4 225.6 0.967 2.319 3.255 285.0 0.197 1.902 2.837 
5 259.3 3.615 1.973 1.294 325.8 0.619 2.881 3.474 
 
In addition, to investigate the magnetization dynamics, the 
temperature dependent alternating current (ac) susceptibility 
data for 1 and 2 were collected with and without applied dc 
fields. In the absence of a dc field, neither peaks nor frequency 
dependence were observed for the in-phase (M') and out-of-
phase (M'') signals for any of the compounds under study. 
However, when a small dc field was applied, frequency 
dependence was observed for both systems due to the full or 
partial suppression of the quantum tunneling relaxation of the 
magnetization. To find the optimal dc field, parallel 
experiments for 1 and 2 were performed at 2.0 K when 
applying dc fields in the range of 0-0.3 T (Fig. S8) and 0-0.4 T 
(Fig. S9), respectively. As a result, 0.20 T and 0.35 T dc fields 
(those that induce the slowest relaxation) were chosen as the 
optimum fields for 1 and 2, in that order. Afterward, we 
performed dynamic ac magnetic susceptibility measurements 
for 1 and 2 (applying the corresponding dc magnetic field) as a 
function of temperature. The ac signals become frequency-
dependent below approx. 7.0 K for 1 and 2 and maxima peaks 
were observed around 5.0 K in both cases as well (Fig. 3). 
Therefore, both systems display typical SMM behaviors, in 
agreement with the theoretical calculations, where the relatively 
large transversal components of the magnetic moment (gx and 
gy in Table 1) are consistent with the lack of slow relaxation at 
zero-field.  
The ac susceptibility data plotted as Cole-Cole plots between 1.8 
and 7.0 K (used T (K): 1.8, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 
6.5 and 7.0) for the two compounds show relatively symmetrical 
shapes (Fig. 4 top). In both cases, the fitting of the corresponding 
Cole-Cole data were performed with the CC-FIT program.29 From 
here it was found that the  parameters were always below 0.18 for 
1 and 0.15 for 2, in that order, indicating all together the existence in 
both systems of a single magnetization relaxation process with a 
narrow distribution of relaxation times.30 
The fitting also provided the relaxation times, ´s, for 1 and 2 at 
each temperature. By means of the Arrhenius law, the energy barrier 
defined as Ueff/K and the pre-exponential factor for the Arrhenius 
law (0) were obtained (Fig. 4 bottom). This way, compound 1 show 
values of Ueff/K = 27 K (19 cm-1) and 0 = 4.1·10-7 s and compound 2 
of Ueff/K = 29 K (20 cm-1) and a 0 = 3.1·10-7 s, in that order. 
Overall, these two non-isostructural, homometallic 1D systems 
display similar magnetic behavior which lies between the expected 
range for a SCM, comparable also to other 4f- and 3d-4f-SCMs and 
SMMs in the literature.31  
 
 
Fig. 3 In-phase (top) and out-of-phase susceptibilities (bottom) 
of compounds 1 (left) and 2 (right) applying an external dc 
magnetic field. 
 
Fig. 4 (Top) Cole-Cole plots for 1 (left) and 2 (right) obtained using 
the ac susceptibility data applying an external dc magnetic field. 
(Bottom) The ln vs. T-1 plots of 1 (left) and 2 (right). The solid lines 
are best fits in all the plots. 
 
In summary, we have described two different 1D NdIII systems, 
compounds 1 and 2,that present slow relaxation of the magnetization 
by applying an external dc field, with Ueff/K values comparable to 
other lanthanides SMM and SCM in the literature. These two 
compounds are crystallographically non-isostructural, fact that 
emphasizes the unexplored possibilities of NdIII systems in the field 
of molecular magnetism and at the same time, our theoretical studies 
show that the Nd···Nd exchange interactions in the two systems are 
negligible, been the dipolar contribution the main factor to explain 
the magnetic performance, behaving both as organized 1D SMMs.   
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